CHAPTER 15

Water Quality Eval uations

The pl anni ng objectives for water quality managenent in the Ckanagan Basin, as
outlined in Chapter 12, are two-fold:

1. To provide a raw water quality conpatible with consunptive uses of water for
donestic, nunicipal, agricultural, and industrial purposes, with primary em
phasis on protecting the health of Ckanagan resi dents.

2. To provide a water quality consistent with a high quality environnent for
protection of the ecology and for water based recreation and aesthetics,
particularly in the main valley |akes.

Wil e these objectives are simlar, the criteria and nethods for achieving
the objectives differ. The first requires Iinmting chem cal elenments and
bacterial content in raw water supplies to levels that are not injurious to the
health of man, or plants. The second requires controlling the anount of nut-
rients in surface waters to limt biological productivity (aquatic plant and
algal growth) to levels that are acceptable for recreational and aesthetic
pursuits, and for protection of the natural environnent.

This chapter reviews the existing quality of water in the basin, discusses
the effect of continued economic growh on water quality to the year 2020, and
exam nes alternative ways in which these planning objectives nmay be achi eved.

15.1 REVI EW OF EXI STI NG CONDI TI ONS

The results of water quality and |inmmol ogy studies under the Canada-British
Col unbi a Ckanagan Basi n Agreenent (Chapter 5 and 6) have provided the foll ow ng
findings on the existing (1971) quality of water in the basin:

1. Mbst streans in the basin have one or nore constituents which exceed
accept abl e concentrati ons based on health standards for drinking water and other
consunptive uses. These include color, turbidity, iron, manganese, phosphorus,
nitrogen and coliform Streanms in which najor quality problens are evident

i ncl ude Vernon, Coldstream Deep, Westbank, Kelowna, and Brandt's Creek. The
mai n vall ey | akes neet acceptable raw water quality standards for drinking

pur poses and nost other consunptive uses with the exception of Wod Lake which
exhibits a | ow oxygen concentration in the sumer nonths, and hi gh phosphorus

| evel s throughout the year

2. Nutrient enrichnment, and resulting increases in aquatic plant and al ga
growt h, has occurred in varying degrees in all of the main valley |akes



over the past 50 to 100 years. The mmjor source of these nutrients has
been identified as tributary streams and mnunici pal outfalls, although

ot her sources including septic tanks, agriculture, and soil erosion, also
af fect local shoreline areas. Wod Lake in particular has declined to
the point that recreational and social benefits have been adversely
affected

3. Phosphorus has been identified as the nutrient which may nost
successfully be controlled to Iimt algal and aquatic plant growmh. This
finding was based on |imol ogi cal studies, the fact that tecnol ogica
neans are available to remove this nutrient through waste treatnent
processes, and the fact that linmting this nutrient has proved successfu
in the control of weed and algal growth in other |akes in North Anerica.
Wil e the control of phosphorus through waste treatnent processes is
consi dered the nost inportant single nmeasure that can be inplenented to
enhance the quality of the main valley |akes, decreasing other sources of
phosphorus and eventually other nutrients through the control of stream
erosion, green belts, and other measures outlined herein nust al so be
consi dered over the long term

4. Wiile the level of waste treatnent in the Okanagan Basin is considered
conparable to or better than that in all other parts of Canada, sonme maj or
problens are still evident. The influx of tourists in the sumer nonths
overl oads existing waste treatnent facilities resulting in a decline in the
efficiency of waste treatnent when it is nbst required. Existing waste
treatment plants do not include facilities for the renoval of phosphorus,
with the exception of Penticton (and to sone extent Vernon) where such
facilities were initiated in 1971.

Over 50% of the population of the Valley are serviced by septic tank
installations, yet nost soils, adjacent to the nmain valley takes where the
bul k of this population is |located have very limted suitability to renove
nutrient |oadi ngs because of the coarse nature of the soils, and the
shal | ow depth to groundwater.

One over-riding factor concerning the above findings and foll ow ng
evaluations, is the limted accuracy of sone of the |oading data, and the
uncertainty involved in establishing phosphorus Ioading criteria for the
mai n val |l ey | akes because of their conplex nature and the many factors that
are difficult to quantify. Therefore white the basic objective of
control I i ng phosphorus levels to acceptable assinmilative capacities for
each lake is considered a valid approach, the effect of inplenmenting
specific controls should be carefully nmonitored to ensure the desired
results are being achieved.



15.2 PRQJECTI ONS OF WASTE LQADI NGS

Fut ure | oadi ngs of phosphorus to the main valley | akes have been esti mated
frompresent |oading data, and from economc growh projections for the years
1980, 2000 and 2020 (Tables 15.1 to 15.6). Only the high and | ow projections
are included to provide a range of potential future |oadings, assuming a
continuation of existing treatnent policies. These tables also show the
effect of various |levels of phosphorus renpoval for the urban centers of
Ver non, Kel owna, Penticton, and Aiver on total |oadings fromall sources.

Proj ections for municipal waste effluent discharged to the main valley
| akes are based on a per capita | oading of .008 pound of phosphorus per day
(See Technical Supplenment Xl) and estinmates of future populations for a | ow
economc growh rate (Projection I11) and a high economic growh rate (Pro-
jection I1).

I ndustrial |oadings are projected on the basis of dollar value and pounds
or tons of output and have been broken down into the followi ng categories for
each of the four econom c regions:

(1) Fruit and Veget abl e Canners

(2) Wneries, Distilleries and Soft Drink Plants

(3) Sawmi | |'s and Pl ywood MI1ls

(4) Fruit Packers

(5) | ce Rinks and Fish Hatcheries

Projections for categories (1), (2), and (3) are on the basis of dollar

val ues, category (4) is based on tons of product packed, while the |oadings
for category (5) are not assuned to change on the basis of current
i nformati on.

The projection of waste | oadings fromstormsewers in the major centers of
Ver non, Kel owna and Penticton is based on popul ati on increases.

Projected contributions from groundwat er sources are based on the acreage
of land under agricultural production for agricultural sources, and the pro-
jected rural population for septic tanks. Contributions from'other' sources
due to man's influence include such sources as: (1) fertilizers used in indus-
trial operations such as airport runway de-icing; (2) household pets; (3) fer-
tilizers used on | awns and gardens, and (4) ground di scharge of industria
wastes. Projected contribution fromthese other sources, is based on factors
simlar to that of agricultural and septic tank sources.

No significant changes are expected to occur in the natural |oadings from
streanms and groundwater, or in dustfall and precipitation |oadings.

Part of the groundwater return flow fromagriculture and septic tank
sources returns to surface waters in streans and has been neasured as tri-



TABLE 15.1

PRESENT AND PRQJIECTED LOADI NGS OF TOTAL PHOSPHORUS

TO KALAMALKA LAKE FROM EXTERNAL SOURCES (I N POUNDS)

(Loading Criteria for Acceptable Water Quality =

6600 to 8800 Pounds Tot al

Phosphorus per Year.)

ESTIMATED LOADINGS

PROJECTED LOADINGS

PROJECTED LOADINGS

PROJECTION IN 1971 BASED ON PROJECTED FOR THE YEAR 2000 FOR THE YEAR 2020
1965-71 DATA nggéggs Low High Low High
SOURCE 1980 Economic Economic Economic . Economic
POUNDS Growth (I11)]Growth (II)[lGrowth (III)|Growth (II)
1. TRIBUTARY STREAMS
- Excluding Agriculture and Septic p
A GRI s 3080 3080 3080 3080 3080 3080
- Agricultural Source Loadings to
Streams *1 . 20 20 20 20 20 20
B e 500 760 1220 1360 1580 2400
Subtotal - Tributary Streams 3600 3860 4320 4460 4680 5500
2. DUSTFALL AND PRECIPITATION 600 1600 1600 1600 1600 1600
3. INDUSTRIAL - - - - - -
4. GROUNDWATER
-. Agricultural Sources 2 20 20 20 20 20 20
- Septic Tank Sources Range*“440 to 940 1460 2300 2560 3000 4540
- Natural Sources 20 20 20 20 20 20
- Other - - - - - -
Subtotal Groundwater 980 ‘1500 2340 2600 3040 4580
TOTAL - ALL SOURCES 5180 6960 8260 8660 9320 11680

x] Groundwater and surface runoff loadings which return to stream surface waters

Toadings.
<2

duration pilot study results.

Estimated range of probable loadings from septic tanks.
from standard septic tank installations and have been used in all projections.

Maximum values based

and were measured as tributary stream

on per capita contribution of phosphorus
Minimum values are based on short




TABLE 15.2

PRESENT AND PRQJIECTED LOADI NGS OF TOTAL PHOSPHORUS

TO WOOD LAKE FROM EXTERNAL SOURCES (I N _POUNDS)

(Loading Criteria for Acceptable Water Quality

2000 to 3000 Pounds Tot al

Phosphorus per Year.)

ESTIMATED LOADINGS PROJECTED PROJECTED LOADINGS PROJECTED LOADINGS
PROJECTION IN 1971 BASED ON LOADINGS FOR THE YEAR 2000 FOR THE YEAR 2020
U SU ISR POUNDS Low High Low High
SOURCE 1980 Economic Economic Economic Economic
POUNDS Growth (III)|Growth {(II){|Growth (III)|Growth (II)
1. TRIBUTARY STREAMS*3
- Excluding Agriculture and Septic
Tank Sources 800 800 800 800 800 800
- Agricultural Source Loadings to _ _ _ - _
Streams *1 -
- Septic Tank Source Loadings to _ - - - _ _
Streams *]
Subtotal - Tributary Streams 800 800 800 800 800 800

2. DUSTFALL AND PRECIPITATION 140 140 140 140 140 140

3. INDUSTRIAL 20 20 20 20 20 20

4. GROUNDWATER

- Agricultural Sources 400 360 360 260 300 220
- Septic Tank Sources Range*2780 to 1660 3080 5900 6560 9120 13440
- Natural Sources 40 40 40 40 40 40
- Other 260 480 920 1000 1440 2100
Subtotal Groundwater 2360 3960 7220 7860 10900 15800
TOTAL - ALL SOURCES 3320 4920 8180 8820 11860 16760

x! Groundwater and surface runoff loadings which return to stream surface waters and were measured as tributary stream
Toadings.

%2 Estimated range of probable loadings from septic tanks. Maximum values based on per capita contribution of phosphorus
from standard septic tank installations and have been used in all projections. Minimum values are based on short
duration pilot study results.

3

*

Includes

inflow from Vernon Creek to Wood Lake



TABLE 15.3

PRESENT AND PRQJIECTED LOADI NGS OF TOTAL PHOSPHORUS

TO OKANAGAN LAKE FROM EXTERNAL SOURCES (1 N POUNDS)

(Loading Criteria for Acceptable Water Quality =

135000 to 185000 Pounds Tota

Phosphorus Per Year)

ESTIMATED LOADINGS

PROJECTED LOADINGS

PROJECTED LOADINGS

FOR THE YEAR 2000

PROJECTED LOADINGS FOR THE YEAR 2020

PROJECTION IN 1971 BASED ON POUNDS
1969-71 DATA
SCURCE POUNDS 1980 Low Economic Growth (111) |High Economic Growth (I1) Low Economic Growth (III) High Economic Growth (II)

DEGREE OF PHOSPHORUS RENGVAL ENEINEL ] 90% 1971 | 301 [aoz 1790: 1971 ] 30% | 80%7 90% 1971 | 30% I 80% I 90%, 1971 I 30% ‘ 80% l 90%
TRIBUTARY STREAMS
- Excluding Agricultural and Septic

Tank Sources 60500 60500 60500 60500 60500 60500
- Agricultural Source Loadings to

Streams *1 2820 3480 5000 4840 6460 6260
- Septic Tank Source Loadings to

Streams *] 4560 6720 10060 11380 12820 19040
Subtotal - Tributary Streams 67880 70700 75560 76720 79780 85800
MATN VALLEY STREAM
(Vernon Creek from Kalamalka Lake
excluding Vernon S.T.P.}J 1600 1600 1600 gesy 1600 1600
MUNICIPAL
- 1971 Treatment 82160 114940 158800 190440 181520 26940
- 30% Phosphorus Removal 102220 140740 168780 160140 237540
- 80% Phosphorus Remcval 29200 40200 48220 45740 67860
- 90% Phosphorus Removal 14680 20020 24100 22880 33920
DUSTFALL AND PRECIPITATION 19600 19600 19600 19600 19600 19600
INDUSTRIAL 1600 2720 4200 4100 5400 5060
STORM SEWERS 600 780 10620 1180 1160 1720
GROUNDWATER
- Agricultural Sources 2 520 500 520 400 520 380
- Septic Tank Saurces Range*“5360 to 11060 11960 17240 19450 20880 31200
- Natural Sources 2060 2060 2060 2060 2060 2060
- Other Sources 240 300 460 500 540 800
Subtotal - Groundwater 13880 14820 20280 22420 24000 34440
TOTAL - ALL SOURCES 187320 225160]212440l139420]124820 281060 3630001172460]]42380 316066]294400]173840]149720 31306013?1680ll77280[154420 417466]585760J215080]182140

Groundwater and surface runoff loadings which return to stream surface waters and were measured as tributary stream loadings.

Estimated range of probable lcadings from septic tanks.

staqdard septic tank installations and have been used in all projections.

Anlbe

Maximum values based on per capita comtribution of phosphorus from
Minimum values are based on shart duratinn nilnt




PRESENT AND PRQJIECTED LOADI NGS OF TOTAL PHOSPHORUS

TABLE 15.4

TO SKAHA LAKE FROM EXTERNAL SOURCES (I N POUNDS)

(Loading Criteria for Acceptable Water Quality =

30000 to 40000 Pounds Tot al

Phosphorus Per Year )

ESTIMATED LOADINGS PROJECTED LOADINGS PROJECTED LOADINGS FOR THE YEAR 2000 PROJECTED LOADINGS FOR THE YEAR 2020
ROJECTION IN 1971 BASED ON POUNDS
1963-71 DATA
SEs POUNDS 1980 Low Economic Growth III]| High Fconomic Growth 11 | Low Economic Growth III |High Economic Growth II
DEGREE OF PHOSPHORUS REMOVAL 1971] 302 [ sox [ oox | 1971] 303 | sox | sox 1071] 303 | sox [ 0% | 1e71] 30x [ sox [ s0x | 1e7 [ 3oz | soz | sox
1. TRIBUTARY STREAMS
- Excluding Agricultural and Septic N
Tank Sources 3640 3640 3640 3640 3640 3640
- Agricultural Source Loadings to
Streams *1 340 340 340. 340 340 340
- Septic Tank Source Loadings to
Streams *1 220 300 420 480 480 720
Subtotal - Tributary Streams 4200 4280 4400 4460 4460 4700
2. MAIN VALLEY STREAM
(Okanagan River from Okanagan Lake) 10600 10600 _4 106060 10600 10600 10600
3. MUNICIPAL
S 1971 Treatment*? 28900 37120 49280 59020 54300 80460
- 30% Phosphorus Removal 49020 65100 77940 71720 106280
- 80% Phosphorus Removal 14000 18600 22280 P0500 30360
- 90% Phosphorus Removal 7000 9300 1140 10240 15180
4. DUSTFALL AND PRECIPITATION 1660 1660 1660 1660 1660 1660
5. INDUSTRIAL 140 260 320 300 340 300
6. STORM SEWIRS 100 120 160 200 188 280
7. GROUNDWATER
-~ Agricultural Sources 2 40 40 40 40 40 40
- Septic Tank Sources *%1260 to 2600 3480 4780 5520 5520 ‘8280
- Natural Sources 160 160 160 160 160 160
- Other Sources 60 120 120 120 120 180
Subtotal - Groundwater 2860 3800 5100 5840 5840 8660
TOTAL - ALL SOURCES 48460 57840[ 69740T34720I27720 7152@7349{408405540 82080110100({453&134200 77380 94800143580133320 106600 ]32480[56560}41380
1 q A
*' Groundwater and surface runoff loadings which return to stream surface waters and were measured as tributary stream loadings. *3 Values based on 1872-73 Efficiency of Penticton Tertiary
2 Treatment Unit 0
-

Estimated range of probable loadings from septic tanks.

standard septic tank installations and have been used in all

ctudv raculte

projections.

Maximum values based on per capita contribution of phosphorus from
Minimum values are based on short duraticn pilot




TABLE 15.5

PRESENT AND PRQJECTED LOADI NGS OF TOTAL PHOSPHORUS

TO VASEUX LAKE FROM EXTERNAL SOURCES (I N POUNDS)

(Loading Criteria for Acceptable Water Quality =

17500 to 22000 Pounds of Tot al

Phosphorus Per Year)

PROJECTION
SOURCE

ESTIMATED LOADINGS
IN 1971 BASED ON
1969-71 DATA

POUNDS

PROJECTED LOADINGS
POUNDS
1980

PROJECTED LOADINGS FOR THE YEAR 2000

PROJECTED LOADINGS FOR THE YEAR 2020

Low Economic Growth III

High Economic Growth II

Low Economic Growth III

High Economic Growth II

DEGREE OF PHOSPHORYUS REMOVAL

1971] 30z [ sor | son

1971 | 30z | sox | oos

1971 [ 30z | soz [ g0z

1971 | 0% [ 8oz | e0%

1971 | 30% [ so% | 903

TRIBUTARY STREAMS

- Excluding Agriculture and Septic
Tank Sources
Agricultural
Streams *1
Septic Tank Source Loadings to
Streams *1

Source Loadings to

260

380

640

720

840

1240

Subtotal - Tributary Streams

260

380

640

720

840

1240

MAIN VALLEY STREAM

- Okanagan River at Vaseux Lake -
Base Loading

18800

18800

18800

18800

18800

18800

EFFECT OF DEGREE OFf TREATMENT AT
PENTICTON ON BASE LOADING (Phosphor-

us Removal)

Present level of Treatment (1971)
30% Removal
80% Removal
90% Removal

+8220
+20120
-1540
-2280

+19900
+35460
-1100
- 2040

+30120
+43040

-1900

+25400
+42820
~-880
-1%40

+51560
+77380
+1460
-1400

ODUSTFALL AND PRECIPITATION

40

40

40

40

40

40

GROUNDWATER

- Agriculture Sources
- Septic Tank Sources
- Natural Sources

- Other Sources

2 20
*~ 140-280
80

20

20
4290
80

20
700
80

20
760
80

20
900
80

20
1300
80

Subtotal - Groundwater

400

520

800

860

1000

1400

TOTAL - ALL SOURCES

19500

!
2725039860 1}8200I17460

40180 I55740 119180|\8240

50540 {69480 IZO340I18520

46080 [s3500 1980018740

73040 [98860 I22940]20080

Groundwater and surface runoff loadings which return to stream surface waters and were measured as tributary stream loadings.

Estimated range of probable loadings from septic tanks.

standard septic tank installations and have been used in all projections.

Maximum values based on per capita contribution of phosphorus from
Minimum values are based on short duration pilot




TABLE 15.6

PRESENT AND PRQJIECTED LOADI NGS OF TOTAL PHOSPHORUS

TO GSOYOOS LAKE FROM EXTERNAL SOURCES (I N POUNDS)

(Loading Criteria for Acceptable Water Quality =

26000 to 37000 Pounds Tot al

Phosphorus Per Year)

PROJECTION
SOURCE

ESTIMATED LOADINGS
IN 1971 BASED ON
1969-71 DATA

POUNDS

PROJECTED LOADINGS
POUNDS

1980

PROJECTED LOADINGS

FOR THE YEAR 2000

PROJECTED LOADINGS FOR THE YEAR 2020

Low Economic Growth (III}

High Economic Growth (II)

Low Econcmic Growth (II1)

High Economic Growth (I1)

DEGREE OF PHOSPHORUS REMOVAL

1971] 30% ISO% |90z

1971 [30% ]80% Igo%

1971 I 30% 4] 80% } 907

1971 ] 305 | 80% | 90%

1971 I 30% r'gox [ 90%

TRIBUTARY STREAMS

- Excluding Agricultural and Septic

Tank Sources

Agricultural

Streams *1

- Septic Tank Source loadings to
Streams *1

Source Loadings to

700
60
40

700
60
60

700
60
60

700
60
80

700
60
80

700
6u
100

Subtotal - Tributary Streams

800

820

820

840

840

860

MAIN VALLEY STREAM

- Base Loading of Okanagan River
excluding Oliver S.T.P.

22140

22140

22140

22140

22140

22140

EFFECT OF DEGREE OF TREATMENT AT
PENTICTON ON BASE LOADING

Present Level of Treatment
30% Phosphorus Removal
80% Phosphorus Removal
90% Phosphorus Removal

+8220/
+20120
-1540
-2280

+19900
436200
-1100
-2040

+30120
+48040

-1900

+25400
+42820
-880
-1940

+51560
+77380
41460
-1400

INCREMENTAL LOADING TO OKANAGAN
RIVER ENROUTE

1480

2880

3460

3640

6440

MUNICIPAL

Loadings from Oliver Treatment
Plant to Okanagan River and Osoyoos
Lake

1971 Treatment

30% Phsophorus
80% Phosphorus
90% Phosphorus

Remaval
Removal
Removal

4060

4340
3580
1020
520

4600
3780
1080
540

5620
4620
1320
660

4600
3780
1080
540

6120
5040
1440
720

DUSTFALL AND PRECIPITATION

INOUSTRIAL
STORM_SEWERS

980
200

980
300

980
380

980
360

980
420

980
360

GROUNDWATER

- Agricultural Sources
- Septic Tank Sources
Natural Sources

- Other Sources

520
Range*24160 - 8560
200

60

540
12240
200
80

500
16760
200
80

480
17860
200
140

520
17940
200
120

500
25660
200
140

Subtotal - Groundwater

9340

13060

17540

18660

18780

26500

TOTAL - ALL SOURCES

37520

51344 62480[38260{37020

69240 184720 |44726{;3Z40

82180 1]00300[47680'45200

76800 193400 I47000|45400

14960 [139700160180156600

Groundwater and surface runoff loadings which return to stream surface waters and were measured as tributary stream loadings.

Estimated range of probable loadings from septic tanks.

standard septic tamk installations and have been used in all projections.

Maximum values based on per capita contribution of phosphorus from
Minimum values are based on short duration pilot

£8¢



butary stream | oadi ngs. Estinmates of these contributions were therefore nade
and deducted fromthe tributary streamtotal to provide the figures shown
under tributary streans in Tables 15.1 to 15.6.

The anmount of phosphorus carry-over in Okanagan River between Skaha Lake
and Csoyoos Lake has been estinated fromthe graph shown in Figure 15.1. The
assunptions used in developing this graph are as foll ows:

(1) Depletion of phosphorus occurs with tine, below the major source.
(2) The variables - streamflow, tine, and di stance are interchangeabl e.
(3) Under present conditions the river has assinmilated total phosphorus and

nitrogen to a mninmumlevel. Any |oading higher than present (1969-71) con-
ditions is therefore represented by a parallel curve.

(4) Any loading less than the present one (1969-71) may be estimated by inter-
pol ati on between the present and natural state curve.

(5) The minimal |oading possible increases to a nmaxi mum of ten per cent under zero
muni ci pal i nput.

(6) The input from Ckanagan Lake is relatively constant.
The carry-over val ues as cal cul ated represent the change from present
| oadi ngs that may occur with future increases or decreases in the anount of
nutrient loading fromthe Cty of Penticton Sewage Treatment Plant. Negative
val ues of carry-over therefore represent a decrease in the |oadings to be
expected fromthis source

Projected nitrogen | oadi ngs have al so been cal cul ated and included in
Techni cal Suppl enent 1 V.

5.3 WATER QUALI TY FOR CONSUMPTI VE USE

This analysis is primarily concerned with water quality alternatives to
meet consunptive use objectives in tributary streans. The quality of the nmain
valley lakes is either acceptable for consunptive use purposes, or can only be
controlled through limting pollutants entering the |lakes fromtributary
streans and direct waste outfall discharges. The latter will be discussed
under Section 15. 4.

Because of the diffuse nature of nobst pollutants entering the streans, and
the difficulty in controlling these, the evaluations for quality control in
streans are highly subjective

15.3.1 Rationale for Stream Water Quality Eval uations

The generally accepted allowable criteria for raw water sources was pre-
sented in Table 5.1, Chapter 5. Many streans are approachi ng or now exceed
these criteria for specific quality paraneters. O npst concern are those
pollutants which are harnful to the health of man, or injurious to fish
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such as high coliformlevels, and high nutrient levels. The origin of these pollutants
is primarily from point sources in the devel oped areas of the basin including industrial
and muni ci pal waste discharges to streans and cattle feed-lots, riding stables, and
poultry farns adjacent to streans. Soil erosion resulting fromforestry and
agricultural operations, particularly |logging road construction, also contributes a
signi ficant amount of sediment containing nutrients to tributary streans. Because the
amount of waste material that various streams can assinilate varies fromcreek to creek
fromnonth to nonth, and fromyear to year, depending on the size of the sub-basin and
the anount of available runoff, it is difficult if not inpractical to establish genera
stream |l oading or effluent standards to neet acceptable criteria for streamwater
quality in the Ckanagan Basin. Also, there are few streans in the basin that carry
sufficient water on a year round basis to assimlate any waste products other than
natural pollutants fromthe basin itself. Therefore the renoval of all nunicipal and

i ndustrial discharges containing pollutants is required to achieve established water
qual ity standards in nost streans. However, where such waste di scharges can be proved
acceptable and free of pollutants, the additional water provided by such discharges is
often beneficial, and shoul d be encouraged. Community or regional treatnent plants woul d
be the nost suitable in achieving the above objective particularly in respect to
industrial outfalls.

Loggi ng-road construction and [and cultivation adjacent to streans are maj or
sources of soil erosion fromsurface runoff. FEroded soils greatly increase the
turbidity of water, and provide a base in | akebeds for rooted aquatic vegetati on. They
al so contribute a substantial amount of nutrients and other chem cal elenents to the
main valley | akes. |nproved | anduse rmanagenent over a period of time may reduce such
erosi on, but continued nonitoring and surveillance of streamwater quality may al so
i ndi cate the need for appropriate green belts (Strips of pernanent vegetation) along the
entire course of streans where logging and cultivation are practiced. Such green belts
nust be maintained to ensure their effectiveness in ninimzing soil erosion and stream
pol | uti on.

The remai ni ng increases in stream | oadings are expected to come fromforestry
operations, diffuse agricultural sources, and septic tanks. No estimate of the future
contribution fromforestry operations has been nade, but if there is no increase in the
annual anount of tinber harvested, there should be no significant increase in |oading
fromthis source to the basin as a whole. The tributaries affected, however, will
depend on the areas being | ogged and the care taken to keep | oggi ng road and ot her
constructi on away from streans.

Proj ecti ons of phosphorus | oadings fromdiffuse agricultural sources and septic
tanks to tributary streans are included in Table 15.1 to 15.6. These show signifi cant
increases to the year 2020 for streans tributary to Ckanagan Lake. Agricultural source
tradings are expected to increase from 2800 pounds in 1971 to 6500 pounds per year in
2020. Septic tank | oadings are expected to increase from4500 in 1971 to 13,000 pounds
per year in 2020 under a | ow econom ¢



growm h rate, assum ng no change in waste treatnent policy. Projected phosphorus
| oadi ngs from septic tank sources | ocated near streans tributary to Kal amal ka
Lake are al so expected to increase from 20 pounds in 1971 to 1600 pounds per year
in 2020 under a |l ow economic growh rate. Changes in source |oadings to streans
tributary to the other main valley |akes are estimated to be relatively m nor

Li vestock may al so contribute high levels of fecal coliformfromfeedlots
and confined animal housing units. Future levels of coliformfromthese oper-
ations will be dependent on the numbers of livestock in a sub-basin, and farm
managenent practices, but no projection has been nade on this aspect.

One additional source of stream pollution which has not been estimated is the
ef fect of the use of the headwater |akes for angling and recreation. The nunber
of angler days on these | akes is expected to increase from 71,000 in 1971 to
bet ween 190, 000 and 246, 000 by 2020, which will greatly increase the opportunity
for increased waste disposal and pollution of these waters. The headwaters of
t he basin have not been used extensively for other forns of recreation to date,
but this may change as access inproves and the popul ation of the valley
i ncreases.

15.3.2 Alternatives (Stream Water Quality)

The continuation of present nmanagenent practices for water quality in the
tributary streanms, while an option, would mean that nost stream water woul d not
be acceptabl e for consunptive use purposes without prior treatnent. A continued
decline in the existing quality should al so be expected with econom ¢ growh
over the next 50 years, resulting in nore expensive treatnent of these raw water
sources with time if they are to be used for consunptive purposes.

The i npl enentati on of nanagenent policies to neet the objective of pro-
viding a water quality conpatible with various consunptive uses, would require
positive steps in the control waste discharges and | and use practices. Alter-
natives consi dered include the foll ow ng:

(a) Renpval of Positive Waste Di scharges

The renoval of all direct municipal and industrial waste di scharges causing
pol lution nay be the only way in which the quality of many of the streans in

their | ower reaches can be inproved to a level that will neet acceptable water
qual ity standards. However, because the flowin the majority of streans during
the greater part of the year is small, the return of unpolluted water from waste

outfalls could help support fishery and other recreational uses. Wiste treatnent
facilities that provide a high quality effluent should therefore be encouraged
where such di scharges can be proved acceptable and free of pollutants.



(b) Geen Belts

The primary purpose of green belts is to prevent surface runoff, from urban
and agricultural areas, reaching tributary streans directly. Geen belts
along the periphery of all tributary streans through devel oped areas coul d
hel p reduce stream oxygen deficits and high coliformlevels resulting from
agricultural and urban devel opnents. These green belts in the formof natura
cover, grass, and trees, and el evated where necessary woul d ensure that al
surface runoff waters pass through a soil colunn before reaching a stream
This would provide a filter and formof treatnent for surface runoff from
cattle feedlots, riding stables, poultry farms, and pastured grassland, etc.
| ocat ed near streans but outside of the green belt area. Wile this formof
treatment woul d reduce coliformlevels and oxygen deficits, the effect on
nutrient |oadings woul d be dependent on the soil type and cover crop and in
nmost cases rmay be minimal.

Green strips between streans and | oggi ng roads woul d al so reduce | oadi ngs from
| oggi ng and other forestry operations in the headwaters of the basin. Streans
on whi ch these should be given special consideration are those that are
inmportant to the fishery resource including Mssion, Vernon, Equesis and

Tr epani er Creeks.

(c) Agricultural and Watershed Managenent Practices

Certain | and use practices in stream sub-basins may have a detrinmental effect
on streamwater quality. |In foresty operations these may include poor
harvesting practices, forest fires, logging road construction adjacent to
streans, erosion, and the application of chemicals for insect or growh
control. Clear-cutting of forest areas causes accelerated nutrient loss to
streanms and effects the runoff by increasing the intensity of spring nelt and
storm runoff.

Loggi ng nethods which greatly disturb the soil cause increases in stream
turbidity, nutrient concentrations, and sedi nment |oads. Disturbance of stream
banks and subsequent |and slides caused by road construction expose soil to
erosi on and | eachi ng.

Various agricultural practices affect streamquality through erosion or
groundwater flow. Excess applications of fertilizers and manure, or

application at the wong tine of the year, and excess irrigation can al
result in increased nutrient |oadings through groundwater return flows.

Al'l of the above reflect managenment practices over which there is little
direct control by governments. Education along with positive incentives for
i mproving such | anduse practices nay be the only alternative for reducing

| oadi ngs and inproving streamquality in these nmanagenent areas.



15. 4 CONTROL OF AQUATI C PLANT AND ALGAL GROMH IN THE MAI N VALLEY LAKES

Aquatic plant growh and al gal bl oonms have becone visually evident in parts
of all the main valley lakes in recent years. These conditions will continue to
wor sen under existing waste managenent practices and will have an increasing
detrinental effect on the enjoynent of these |akes from an econonic, recreationa
and aesthetic viewpoint. The cause of this type of quality inpairment has been
identified as nutrient loadings in excess of that which the | ake can assimnl ate,
particularly those resulting from man-i nduced sources.

15.4.1 Rationale for Lake Water Quality Eval uations

To provide a basis for projecting the effect of nutrient |oadings on each
of the main valley | akes over the next 50 years, the nmaxi mum desirable concen-
trati on of phosphorus in each | ake at spring overturn has been related to | ake
wat er quality and annual phosphorus |oadings. This in turn, has provided ten-
tative standards for the control of aquatic plant and algal growth in each of
t he | akes.

Reasons for the selection of phosphorus as the key nutrient in biologica
control were outlined in Chapter 6.

The "assinilative capacity' of a | ake may be defined as the percent of
total energy intake required for the growh, respiration, and reproduction of
plant life. This relationship may be expressed as:

Nutrients required for plant growth

Assim | ative Capacity = _respiration and reproduction/t
Total Nutrient Input/t

Where t - time in years

For each nutrient, trace elenent, and organic factor required for plant growth
there is a relationship between supply and denand that can be expressed by the
assinilative capacity. In digotrophic |akes, the nutrient supply is so |ow that
the input limts plant popul ati ons and seasonal growh is balanced by loss. In
these cases the input is equal to the amobunt required to sustain existing plant

life and the assimilative capacity approaches 1. |n eutrophic |akes, supplies of
nost nutrients are in excess of demand and values of the assinmilative capacity
are less than 1. In these cases, factors such as available light, conpetition,

or predation often limt growh to a greater extent than avail able nutrient
supply. Whod Lake is an excellent exanple of this condition where phosphorus is
super - abundant and other nutrients, or the above nentioned controls, regulate

pl ant popul ati ons before the external supply is exhausted. Unfortunately this
type of control is not inposed until nuisance |levels of algal bloons and weed
growt h have been reached.



(a)

By limting annual | oadings of phosphorus to a |ake, to that which can be
assimlated within an acceptabl e | evel of biological production, high water quality
can be naintained and future quality predicted, based on annual |oadings. This
approach has been used in establishing acceptable |loading criteria for each of the
main valley |akes. Since each lake will respond differently to a given nutrient
| oad because of differences in nean depth, water renewal rates and other factors,
these loading criteria will vary fromlake to | ake

Val ues were set so as to achieve, within limts, an opti mumlevel of biological
production for nmultiple water use w thout the occurrence of nuisance al gal bl oons
and extensive aquatic plant growth (Figure 15.2). These criteria apply primarily to
nmacr o- sources of nutrients and the |ake as a whole, rather than to localized mcro-
sources of nutrients.

The val ues sel ected were based on information gai ned over the period 1969 to 1972
i ncl udi ng the follow ng:

(1) Current average |oad of total phosphorus to each | ake.

(2) Present nean concentration of total phosphorus and orthophosphorus at spring
overturn.

(3) The sedinent retention of phosphorus and internal |oadi ng where applicabl e,
(4) Average al gal bionmass based on chlorophyl| a determ nations,

(5) Average biomass of zoobent hos (bottom organi snms) and Zoopl ankt on (suspended
or free floating organisns) in relation to (1) and (4) above.

The present (1971) average concentrations of phosphorus at spring overturn, and
suggested criteria for multiple water use are shown in Table 15.7. The rationale
for establishing specific criteria for each of the nain valley |akes is summari zed
bel ow.

Ckanagan Lake

The acceptabl e range for phosphorus | oading to Ckanagan Lake has been
establ i shed at 135,000 to 185,000 pounds per year. Because certain areas of the
| ake exhibit eutrophic characteristics while the main body of the |ake is
A igotrophic, suggested nmaxi num | oadings to the north, central and south sections of
the | ake have al so been conputed. This separati on was hot based on any natura
state, but was introduced to facilitate water quality evaluations for this |ake.

(i) North Basin

Acceptable limts for phosphorus loading to this basin were set at 55,000 to
75, 000 pounds per year. These |oadings are considered to be approxinately equal to
the ass imtative capacity of existing plant biomass in the central portion of the
basin which still exhibits excellent water quality A |loading of 66,000 pounds per
year shoul d be consi dered the nmaxi num recognizing that in any given year the | oad
may reach 75,000 pounds due to uncontroll abl e sources of phosphorus. These val ues
apply to the entire north basin and should not be



High

BIOLOGICAL PRODUCTION

Low

es-————— (0L IGOTROPHIC RANGE

Low nutrient and plant populations,
good oxygen conditions, good trans-

MESOTROPHIC RANGE

Range of greatest observable increase
production - good

in biclogical
water quality maintained with
algal
eutrophic end of range.

parancy to depth of 50 feet, fish
population largely trout and
kokanee.
RANGE FOR
TQ MEET WA
FOR MU

{Varies f

ESTABLISHING CRITERTA
[ER QUALTIY. STANDARDS
L TIPLE WATER USE

y Individual

Lakes)

blooms and weed growth at

EUTROPHIC RANGE ——r— =

Excessive nutrient and plant pop-
ulations, poor oxygen conditions,
transparancy less than 10 feet,
fish populations largely coarse
fish, heavy algal blooms and weed
growth.

minor

Ny

. S
Point of SEON
Maximum e

Biological Production

Moderate

Low

(Nitrogen, Phosphorus, Siltica,

NUTRIENT CONCENTRATION

High

Iron, Etc.)

SCHEMATI C DRAW NG OF RELATI ONSHI P BETWEEN NUTRI ENT LOADI NGS AND
Bl OLOG CAL PRODUCTI ON, AND RANCE FOR SELECTI NG LQADI NG CRI TERI A FOR MAI N VALLEY LAKES.

TOTAL PHOSPHORUS CONCENTRATI ONS AND LOADI NG CRITERI A -

TABLE 15.7

Fi gure 15.2

MAI N VALLEY LAKES

AVERAGE MAXIMUM DESIRABLE LOADING CRITERIA TO
CONCENTRATION OF CONCENTRATION OF PHOSPHORUS ACHIEVE DESIRABLE TROPHIC CHARACTER
TOTAL PHOSPHORUS AT SPRING OVERTURN CONCENTRATIONS OF BASED ON NEW
AT SPRING OVERTURN FOR MULTIPLE WATER USE TOTAL PHOSPHORUS LOADING CRITERIA
1971 QUALITY STANDARDS EQUALS
LAKE MICROGRAMS PER LITER MICROGRAMS PER LITER (ASSIMILATIVE CAPACITY)
Average Range Average Range Pounds per year
Wood Lake 104 83-125 20 10-30 2,000 - 3,000 Meso-Eutrophic
Kalamalka Lake 8 4-12 5 1-10 6,600 - 8,800 Oligotrophic
Okanagan Lake 7 2-12 5 1-10 135,000 - 185,000 O0ligotrophic
(as a Unit)
-North Basin - - - = 55,000 - 75,000 "
-Central Basin - - - - 55,000 - 75,000 "
-South Basin - & = S 25,000 - 35,000 "
Skaha Lake 24 15-32 12 10-15 30,000 - 40,000 Mesotrophic
Vaseux Lake 17,500 - 22,000 Eutrophic
Osoyoos Lake 12 10-15 10 5-15 26,000 - 37,000 :




confused with point source loadings to small regions which nmay exhibit |oca
effects of nutrient enrichnent. The shall ow North and Vernon Arms will con-
tinue to exhibit sone aquatic plant growmh due to basin characteristics and
continuing diffuse loadings fromthe Arnstrong and Vernon areas respectively.

(ii) Central Basin

Criteria for the central basin are the sanme as for the north basin and
the sane coments apply. Localized problens are expected to continue al ong
t he Kel owna foreshore.

(iii) South Basin

Val ues for this basin have been set |ower than the previous two basins so
that this relatively large section of the Ckanagan Lake can act as a buffer
for | akes below. Positive point sources are fewin this section of the |ake
and the very large volune of excellent quality water should protect Penticton
beaches from any nui sance aquatic plant growths and insure a | ow nutrient
di scharge from Ckanagan Lake to Skaha Lake. Any proposed point sources
shoul d be kept out of this basin to nmaintain a sizeable reservoir of good
quality water between Kel owna and the | ake outlet at Penticton. A |oading of
35, 000 pounds per year should be considered an absol ute maxi nrum again
recogni zi ng that values below this will further insure the naintenance of
good water quality.

(b) Skaha Lake

Acceptable Iimts for phosphorus |oadings to Skaha Lake range from 30,000 to
40, 000 pounds per year. These sonmewhat hi gh values take into account the
very short retention tinme of water in this |ake (one year) and the excellent
source of good quality water flowi ng into Skaha Lake from Ckanagan Lake.

If values remain within these established limts, good water quality should
be achi eved. Sporadic al gal bloonms nmay continue to occur along with noderate
aquatic plant growth on the eastern shoreline, however the annual occurrence
of heavy bl ue-green blooms will be elimnated.

(c) Gsoyoos Lake

Phosphorus loading linmits established for this |ake range from 26,000 to
37,000 pounds per year. These values allow for the very rapid water renewal
rate (residence tinme) which prevents the accumul ati on of |arge anounts of
nutrients. The maintenance of phosphorus | oads bel ow 37, 000 pounds per year
shoul d prevent extensive algal bloons and control aquatic plant growh to
within manageable limts. Gsoyoos Lake is |largely dependent on the quality
of water in Skaha Lake and in Ckanagan River, and inprovenment in the quality
of these lake and river waters will also benefit OGsoyoos Lake.



(d) Kalanmal ka Lake

Loading linmts for Kalanal ka range from 6,600 to 8,800 pounds per year. This

is nmuch |ower than for the other |akes because of the snmall volume of inflow and
the long retention tine of water in this lake. 1ts calcium carbonate cycle may

partially buffer it fromnutrient overload, but any large increase in phosphorus
| oadi ngs may cause this carbonate systemto collapse. The |lake is already an

ef fective plankton producer as evidenced in bioassay studies and recent pal -

eol i ol ogi cal investigations. |If phosphorus |oadings can be curtailed to within
these proposed limts, the |ake should maintain its present excellent condition

(e) Wbod Lake

Accept abl e | oadi ngs established for Wod Lake are 2,000 to 3,000 pounds of phos-
phorus per year. These annual rates are no doubt above historical values, but

bel ow present levels. |If these limts are nmet, and a continual source of good
quality water reaches this | ake, the occurrence of annual bl ue-green alga

probl ens should be elimnated, as well as the need for periodic aquatic plant
harvest. The lake will continue to be a productive lake, but not in the sense of
obj ecti onabl e nui sance organism Carity and oxygen levels will be inproved and
fisheries enhanced if these criteria are nmet. Because of the existing high

i nternal |oading of phosphorus in this |ake a significant decrease in phosphorus
loadings will be required initially to effect any change in its condition. The
| ower loading criteria value of 2,000 pounds should therefore be used until a
significant inprovenent in the quality of Wod Lake has been achi eved.

The higher inflows and reduced retention tinme of water in this |ake, due to in-
dustrial cooling water discharge, should speed the recovery of this |ake, but
will have no imedi ate effect on its quality.

(f) Vaseux Lake

Acceptabl e | oadings for this | ake range between 17,500 and 22, 000 pounds of phos-
phorus per year. The achi evenent of these standards depends primarily on
improving the quality of Skaha Lake and Ckanagan River water. Extensive aquatic
plant growth will always be an integral part of this |lake, due to its shall owness
and rich bottomsedinents. This habitat is considered suitable for this | ake as
it has been established as a wildlife sanctuary.

15.4.2 Aternatives (Lake Water Quality)

As stated previously, the continuation of existing waste managenent practices
will result in a continuing decline in the water quality of the nmain valley | akes
froma recreation and aesthetic vi ewpoint.



WAast e managenent alternatives reviewed in this report to nmeet the objective
of a water quality consistent with a high quality environment are as foll ows:

Wast e Export fromthe Basin

Qutfall Discharge Locations

Green Belts

Fl ushi ng through I ncreased Fl ows

Wast e Treat nment
- Phosphorus Renpva
- Costs and Benefits of Phosphorus Renoval
- Wast e managenent

NSNS
QR WN R
N

Di scussion of the first four alternatives is subjective because of the
difficulty in quantifying benefits and costs. The first is a direct
alternative to waste treatnment, while the latter three provide methods for
i mproving water quality either alone or in conbination wth other
alternatives.

The fifth alternative invol ving advanced waste treatnment processes is
consi dered the nost inportant in terns of maintaining or inproving water
quality in the nmain valley |akes for recreati on and aesthetic purposes.

Di scussions on this alternative include prelimnary estimtes of the cost and
benefit of various |evels of phosphorus renoval, and waste managenent
requi renents.

(a) Waste Export fromthe Basin

This method of controlling nutrient input to the Main Valley Lakes woul d

i nvol ve punping treated effluent from nunicipal sewage treatnment plants to a
renote area of an adjacent drainage basin for disposal. Only the three major
centers of Vernon, Kelowna and Penticton have been considered for a
prelimnary review of this concept. The proposal would require the
construction of punping stations and transporting pipelines for each
muni ci pal regions.

Di sposal sites which could be used for the three centers are as foll ows:
- City of Vernon - 12 1/2 mles east near Spider Creek in the South

Thonpson Ri ver Drai nage Basin; 580 feet above Vernon

- Cty of Kelowna- 20 miles east near Hydraulic Lake in the Kettle River
Drai nage Basin. The el evation above Kelowna is 2950 feet.

- Cty of Penticton - 14 mles southwest near Geen Muntain in the
Sim | kamreen River Drainage Basin. The el evation above
Penticton is 1850 feet.

Prelimnary cost estimates for sinply transporting treated effluent from
the urban treatnment plants to the point of disposal, show these to be
conparable to spray irrigation for phosphorus renmoval and about tw ce the
cost of phosphorus renoval by chemical precipitation



Excl udi ng the above cost conparison, mgjor disadvantages associated with
wast e export are:

i) The effect these discharges would have on the quality of water in

dj acent basins is unknown but could be just as detrimental as it has been in
he Okanagan Basin. |In this case the problem would have just been

ransferred fromone basin to another

(ii) The export of such wastes would renove as much as 20,000 acre feet of
wat er per year fromthe basin, which in Iow flow years could present a
significant amount in terns of water supply. The |loss of such water would
represent a cost against the waste export alternative.

(iii) Problens of waste export disposal in the winter nonths may be the sane
as for spray irrigation. This factor has not been taken into account in
estimating waste export costs.

Based on the above considerati ons waste export has not been entertained as
a viable alternative to waste treatnent within the Ckanagan Basin

(b) <Qutfall Discharge Locations

This alternative considers the effect of existing outfall |ocations on |ocal
water quality, and the value, if any, of relocating these discharges. Wile
this alternative would not reduce the total nutrient load to a lake, it could
provide for short terminprovenents to the water quality of public beaches,
which may have linmted use for recreation because of poor water quality.

Only the outfalls fromthe six mgjor municipal centers of Arnstrong, Vernon
Penticton, Kel owna, Oliver and Wstbank have been considered in this

eval uation. The existing |ocations of these outfalls and the problens that
arise fromtheir locations in respect to recreation and aesthetic values are
shown in Table 15.8

The effects shown apply only to the main receiving body of water and not to
the creeks thensel ves.

From a |i mol ogi cal standpoint, extending or deepening out-fall discharges or
adding diffusers sinply noves the problemof nutrient enrichnment and

bi ol ogi cal production fromone point in a |lake to another. Disposing of
wastes to deep water |ocations does avoid unsightly scumand nmay keep the
nutrients away from sunlight and al gae during the sunmer nonths, but during
spring and fall overturn these nutrients will becone equally distributed

t hr oughout the water colum. Problens with plant growth nmay then be magnified
inthe following year in direct proportion to the annual increase in
nutrients. Any proposal for relocating outfall discharges for inprovenment of
public beaches or for other reasons, should therefore be considered only in
conjunction with the renoval of major nutrient sources.



TABLE 15.8

EFFECT OF OUTFALL LOCATI ON ON LOCAL WATER QUALITY

MUNICIPALITY OUTFALL LOCATION EFFECT ON LOCAL LAKE QUALITY
The North Arm has had extensive weed
Deep Creek which empties growth for many years and supports a
Armstrong into North Arm of Okanagan varied population of wildlife. Since
Lake not developed for recreation no change
in location is warranted.
Extensive ‘weed growth which requires
Vernon Creek which emp- harves?1ng. .Affects Kin.Beach and
Vernon e e extensive private shoreline develop-
Okanagan Lake ment. Coliform counts on Kin Beach
sometimes exceed acceptable criteria.
Nuisance weed growth along shoreline.
Kelowna Okanagan Lake continued enrichment of this area will
have increasing affect on Kelowna City
Beach.
Westbank Westbank Creek which Nuisance weed growth along shoreline
flows into Okanagan Lake of Okanagan Lake.
. Okanagan River which No effect on Skaha Beach - some weed
Penticton flows into Skaha Lake growth effect on undeveloped shore-
line on west side of lake.
0liver Okanagan River No visual detrimental effects on

Okanagan River.




c)

The one area that woul d appear to benefit froma change in outfall |oca-
tion is that of the Vernon Arm particularly in respect to Kin Beach, which
is one of the few large public beaches in this area. The relocation of the
Ver non sewage Treatnment Plant outfall would nean renoving the discharge from
Vernon Creek and using |and disposal or constructing a new discharge |line
to a deep section of Okanagan Lake. The cost of this relocation is
estimated at $1,000,000. This can be conpared against other alternatives
such as spray irrigation of secondary treated effluent.

The other existing outfall |ocations appear acceptable providing treatment
and phosphorus renoval requirenents neet established criteria.

Geen Belts - Main Valley Lakes and Ckanagan River

VWiile very Iimted research has been carried out on this aspect certain
general comrents nay be made

Three main sources may be identified as contributing nutrients and
excessive coliformcounts to the nain valley | akes and Okanagan River from
surface runoff in areas imedi ately adjacent to the | akeshore:
- The erosion of soils fromcultivated agricultural |ands, and road
and other forms of construction adjacent to surface waters;

- Surface runoff fromconfined |ivestock enterprises, such as cattle
feedlots, riding stables, and poultry farnms;

- Surface runoff from highly popul ated areas which is not collected
by storm sewer systens:

No estinmate has been made of the overall nutrient contribution of these
sources although fromlimted field studies, the amounts from erosi on and
ani mal wastes woul d appear to be significant. Good nanagenent practices
shoul d i nclude containing the surface runoff from such sources so that it
will receive sonme treatnent by filtration through the ground before reaching
surface waters. The sinplest way of achieving this would be to nove these
sources away fromsurface streanms and provi de greenbelts between these
sources and surface waters. These green strips could be used for park
areas, trees and open pasture provi ded they were properly managed.

VWiile it may not be feasible to consider greenbelts around all of the main
val | ey | akes and al ong Ckanagan River they could be considered for al

undevel oped areas to ensure there is no additional |oadings from such
sources. It is also suggested that the construction of future main highways
be kept away fromthe | ake shoreline to avoid erosion problens and

di scourage associ ated urban and industrial devel opment of the |ake and river
shorel i ne areas.



(d) Flushing Through | ncreased Fl ows

Thi s proposal -involves using additional water to increase the outflow of nutrients
froma lake, thus |lowering the concentration of nutrients and their retention tine
in alake. Additional water would have to cone fromlarge scale inmportation, or in
the case of Wod and Kal amal ka Lakes by punpi ng from Ckanagan Lake. The proposal
assumes that the additional water use for flushing would have a higher quality than
that existing in the |ake which is being flushed.

This proposal is not considered viable for Ckanagan Lake, because of the very |arge
volurme of the lake in relation to the limted anount of water that could

economi cally be inported, and because of the present high quality of this |ake
conpared to the quality of any inported water which night be available. The
downstream | akes of Skaha, Vaseux and Gsoyoos al ready have renewal tines of one
year or less, and it is considered unlikely that small additional flows woul d

i nprove the quality of these | akes.

The explanation for the apparent insensitivity of these | akes to higher inflows, lies
in part in the dynam cs of the phosphorus cycle. Sinply stated, phosphorus is taken
up within minutes by algae, retained in the cell for a matter of hours or days,
dependi ng on the species, and then either sedimented or re-cycled. Thus the ebb and

fl ow of phosphorus in the plant bi onass can be nmeasured in mnutes or days, while the
exchange of water in these | akes is neasured in nonths or years. It therefore appears
unli kely that m nor changes in residence tine for these | akes would play a substantia
role in altering the present quality in Skaha or Gsoyoos Lakes.

Wod Lake in the Vernon Creek sub-basin has a very small outflow (1971), |ong water
retention tine, and currently exhibits the poorest quality of the main valley

| akes. Increased inflows of a reasonabl e nagnitude and good quality would greatly
reduce the renewal time of water in this |lake and reduce the tinme required to
inmprove its quality based on other nutrient control measures. This has already
been acconplished to some extent by one of the industries in the Wod Lake area

whi ch commenced punpi ng cooling water from Ckanagan Lake in 1972 and discharging it
back into Vernon O eek above Wod Lake.

H storically, Wod Lake had a water renewal tinme of approxinately 12 years. The
construction or enlargenent of storage reservoirs on the headwaters of Vernon C eek
in 1908, 1931 and 1944, and the diversion of much of this water from Vernon Ceek
for irrigation purposes, reduced the inflowto this [ake and increased the renewal
tine of water in Wod Lake to approxinately 30 years. It is during this period of

i ncreased renewal time that Wod Lake is considered to have deteriorated the nost
rapidly. The recent addition of cooling water to this systemagain reduces the
renewal tinme to approximately 13 years, which over a period of years should be of
considerable value in inproving the quality of water in this |ake, providing other
suitabl e measures are also taken to control nutrient input.



Kal amal ka Lake, with an extrenmely good water quality, would not benefit from
i ncreased inflows, and in fact, these may be detrinmental if the source is
Whod Lake. If suitable nutrient control measures are undertaken to [imt the
total input of nutrients to this lake to the criteria outlined previously in
this section, the present quality should be maintained.

(e) Waste Treatnent

Nutrient sources to the main valley | akes are many and varied (Table 15.1 to
15.6) but one source - nanely municipal outfalls - currently contributes
approxi mately 50% of the total phosphorus |oading to Okanagan, Skaha, and
Gsoyoos Lakes. Loading projections also indicate this percentage
contribution will exceed 60% under a | ow econonic growh rate, or 65% under a
hi gh economic growth rate, by the year 2020, assuming a continuation of
current waste managenment practices.

Urban devel opnents adjacent to Kal anal ka and Wod Lake are serviced by septic
tanks and it is estimated this source currently contributes 50% of the tota
phosphorus | oad to Wod Lake and 20%to Kal anal ka Lake. Loadi ng projections
also indicate this percentage will increase to 75% by the year 2020 for Wod
Lake and to 50% for Kal anal ka Lake, based on a continuation of current waste
treat ment methods, and a | ow economic growmh rate. Septic tank sources al so
contribute significant | oadings to the other |akes which cause | ocal nuisance
conditions in areas of the | akes adjacent to these sources. The main
alternative for inproving or naintaining an acceptable |level of water quality
inthe main valley |akes for multiple use purposes therefore involves
advanced waste treatnent processes for phosphorus renmoval. Miltiple use is
considered to include water for drinking purposes, irrigation, water contact
sports and other forns of water-based recreation, fisheries and wildlife.

The success of such advanced treatment processes is dependent on first
attai ni ng good conventional treatnent, and where applicable, costs for
upgradi ng existing facilities have been included. The three | evels of
phosphorus renoval considered for nunicipal centers are as foll ows:

- Good conventional (secondary) activated sludge processes which renoval
approxi nately 30% of the phosphorus entering a sewage treatnent plant:

- Physical or chem cal precipitation of phosphorus follow ng conventiona
treatment, which nmay renove up to 90% of the phosphorus input, depending on
the degree of treatnent required. Simlar efficiencies nay be obtained in

| agoons, using chemical precipitation for phosphorus renoval, where this form
of treatnment is nore econonmical especially in the smaller urban centers.

- Spray irrigation of secondary effluent. The degree of renoval in this case
wi || depend on the location of the spray irrigation site, in respect to the
groundwat er table, the soil type, the crops grown, and the nanagenent care
recei ved. Under good conditions, renoval of phosphorus by spray irrigation
nmay



be expected to be in excess of 90% This form of advanced treatnent also
has t he advantage of renoving sone ot her undesirable elenments in the waste
ef fluent including mercury and other trace el enents.

The above forms of treatnent are for macro-sources of nutrients which may
affect a | ake as a whole. Various conbi nations of these treatnent
processes for different nunicipal centers may be used to reduce present or
projected loadings to levels required to neet the criteria established for
each of the nmain valley |akes.

The second form of waste treatnent alternative involves septic tanks which
may cause |ocalized problens or in large nunmbers nay contribute a
significant nutrient input into a lake. 1In the case of single or smal
nunbers of septic tank units adjacent to surface waters, it is proposed
that these be upgraded to ensure that no nmore than 20% of the phosphorus
in the effluent reaches groundwater where soil conditions are such that
speci al measures are required to control nutrients fromthis source.
Upgradi ng woul d include insuring tile fields are well above groundwater

| evel s, a desirable distance fromlake shorelines, and the inportation of
fine soils where necessary to prevent excessive percolation. For urban
areas adj acent to Kal amal ka, Wod, and Osoyoos Lakes, septic tanks would
have to be replaced by sewage collection systens and waste treat ment
facilities (including phosphorus renoval) to ensure that the necessary
reductions in phosphorus | oadi ngs are achi eved.

M ni mum phosphorus renpval requirenents by advanced waste treatnent
processes to neet standards estabiished for each of the main valley | akes
are outlined below It is re-enphasized that the accuracy of the | oading
data and the uncertainty of the loading criteria are such that continued
nmoni toring of both | oadings and | ake quality are an essential part of this
alternative to ensure that the desired results are being realized.

Regul ati ons concerni ng the anount of phosphorus in househol d detergents
were initiated by the Federal CGovernnent during the tenure of the Study,
but the effect of these regul ations on reduci ng phosphorus | oadings to
the main valley | akes has not been anal ysed.

(i) Wbod Lake

The present condition of this lake is very poor w th al nost continuous
al gal blooms in the sumrer nonths and heavy aquatic plant growth al ong the
shorelines. The current phosphorus | oadi ng has been estinated at 3300
pounds per year (average' of which approximately 50%is attributed to
septic tank sources. Future |oadings for both | ow and hi gh economc
growm h projections (Projections Il and Il11) for this area are shown in
Tabl e 15.9.



TABLE 15.9
PROJIECTED PHOSPHORUS LQOADI NGS - WOOD LAKE

PROJECTED MINIMUM REDUCTION
YEAR AVERAGE ANNUAL REQUIRED TO MEET
PHOSPHORUS LOADINGS ESTABLISHED CRITERIA
(pounds) (pounds)
Low High
Economic Economic
Growth Growth
1980 5000 5000 3000
2000 8200 8800 6200 to 6800
2020 - 11900 16800 9900 to 14800

Because of the existing high internal |oading of phosphorus in this [ake - due
in part to historical changes in the retention tine of water in this lake - a
significant decrease in the current phosphorus loadings is required to effect
any change in its condition. Therefore the |ower |oading value of 2000
pounds has been used in estimating mni num phosphorus reductions required for
Wbhod Lake. Due to its physical characteristics (volunme, nean depth, and | ow
volune of inflow) and the many diffuse nature of nobst nutrient sources, the
lake will continue to be a biologically productive |ake, but clarity and oxygen
levels will be inproved, and fisheries enhanced if the above reductions in
phosphorus | oadi ngs are achi eved.

The installation of a sewage collection and treatnent plant in the urban center
of Wnfield, with facilities for 80% phosphorus renoval woul d reduce present

| oadi ngs by 1300 pounds, and 1980 | oadi ngs by 2400 pounds. Oher forms of nut-
rient control such as elimnating outfall discharges and poi nt source | oadings
to streams by 1980 should reduce total |oadings to acceptable |evels.

The higher inflows and reduced retention tine of water in this |ake, due to the
recent additional industrial cooling water discharged to Vernon Creek shoul d
speed the recovery of this lake, but will have no imredi ate effect on its
quality.

(ii) Kalanalka Lake

The relative fertility of this lake is high, but good quality conditions
have been preserved by a natural self-cleansing system Some aquatic plant
growth is now occurring at the nouth of Coldstream Creek and in the south end
of the lake. The present (1971) phosphorus loading to this | ake has been
estimated at 5200 pounds per year, of which approximtely 20%is from septic
tanks. These septic tank installations are nearly all in the Col dstream Creek
area at the north end of the lake, and along with nutrients from Col dstream
Creek itself are the main reasons for aquatic plant problenms in this area
Future loading projections for this |ake are shown in Table 15.10.



TABLE 15.10
PRQIECTED PHOSPHORUS LQOADI NGS - KALAVALKA LAKE

PROJECTED MINIMUM REDUCTION
YEAR AVERAGE ANNUAL REQUIRED TO MEET
PHOSPHORUS LOADINGS ESTABLISHED CRITERIA
(pounds) (pounds)
Low High
Economic Economic
Growth Growth
1980 7000 7000 -
2000 8300 8400 600 - 700
2020 9300 11700 1600 - 4000

The acceptable limts for phosphorus |oading to Kal amal ka Lake have
been established at 6600 to 8800 pounds per year, (average 7700 pounds).
This should maintain an excellent quality of water in the |ake as a whol e
particularly for recreati on and aesthetic purposes, but will not protect
shoreline areas fromdeclining in quality due to local nutrient inputs from
such sources as septic tanks. These loading limits are nuch | ower than for
the other takes because of the small volunme of inflow and relatively |ong
retention time of water in this |ake.

Wil e total present |oadings are bel ow the established standards,
curtail ment of I ocal sources of nutrients fromseptic tanks is considered
necessary to protect beach and other recreational areas at the north end of
the lake. A sewage collection systemfor the urban center of Col dstream
with a trunk transport line to a central treatnment plant at Vernon is
consi dered the nost practical solution for this |local problem This would
ef fect 100% phosphorus renoval in serviced areas and substantially reduce
nutrient |oadings to the Kal amal ka Beach area.

(iii ) Okanagan Lake

The main water mass of Okanagan Lake is still in excellent condition
but serious deterioration has occurred around shoreline areas of the |ake
whi ch are affected by wastewater outfalls and shoreline devel opnment.

Present and projected loadings to this | ake are shown in Table 15. 3.
Because of the varying trophic conditions in this |lake, this total | oading
has al so been broken down to show the approximate contributions to the
north central and south basins (Table 15.11). This breakdown does not take
into account any internal exchanges of nutrients between | ake sections
resulting from physical or biological processes.

Over 40% of the current (1971) phosphorus | oading comes fromthe two
muni ci pal outfalls of Vernon and Kel owna, while an additional 10% may be
attributed to septic tank sources.



TABLE 15.11

PROJECTED PHOSPHORUS LQOADI NGS - OKANAGAN LAKE

(From Ext er nal

Sources) !

PROJECTED MINIMUM REDUCTION
A AVERAGE ANNUAL REQUIRED TO MEET
YEAR PHOSPHORUS LOADINGS ESTABLISHED CRITERIA
(pounds) (pounds)
Low High
Economic Economic
Growth Growth

North Section

1971 69,000 69,000 3000

1980 82,000 82,000 16,000

2000 100,000 110,000 34,000 to 44,000

2020 107,000 146,000 41,000 to 80,000
Central Section

1971 85,000 85,000 19,000

1980 107,000 107,000 41,000

2000 140,000 157,000 74,000 to 85,000

2020 161,000 220,000 95,000 to 154,000
South Section

1971 33,500 33,500 3,500

1980 35,500 35,500 5,500

2000 38,500 40,000 8,500 to 10,000

2020 40,000 45,500 10,000 to 15,500

*1

Breakdown does not take into account any

internal exchanges of nutrients

between Take sections resulting from physical or biological processes.

A high quality of water

in kanagan Lake is the key to good water quality

in the downstream | akes and loading limts for the south basin (Table 15.7)

have therefore been set

lower than the rest of the |ake to provide an

i ncreased nmargin of safety against water quality degradation. The present

t he established

(1971) | oadings in al
standards. The renoval
muni ci pal

characteristics due to
devel opnent.

Sewage col l ection and treat nent

three areas either exceed or equa

of 80% of the phosphorus |oading fromthe two

outfalls (Kel owna and Vernon) will
acceptable limts beyond 1985, but

| ocal

| ocal areas may stil

reduce these | oadings within
exhi bit eutrophic

phosphorus | oadi ngs from urban shoreline

i ncl udi ng phosphorus renoval

consi dered necessary for the urban center of Okanagan Landing if
conditions in the Vernon Arm of Okanagan Lake are to be inproved.
wi t h 80% phosphorus renoval

Sunmer | and, Naramata and ot her
of these is not currently critica

Lake
(iv)

itsel f.

Skaha Lake

Thi s | ake has the highest

the main valley | akes,

and i

for the centers of Armstrong
urban shoreline areas,

relative fertility and bi ol ogi ca
ts quality has deteriorated the nost

is
| ocal

Tr eat nent

West bank, Peachl and,
but the inplenentation
to the quality of the main body of Ckanagan

growt h of

rapidly.

Hi gh



quality inflows from Ckanagan Lake, and annual renewal of water in this | ake have
prevented a nore rapid deterioration. The estinmated |loading in 1971 was 48, 000
pounds. This figure takes into account the 1972-73 average efficiency of the
tertiary unit at the City of Penticton Sewage Treatnent Plant of approxi mately
60% phosphorus renoval. Projected | oadings are sumari zed in Table 15.12.

TABLE 15.12
PROJECTED PHOSPHORUS LOADI NGS TO SKAHA LAKE

PROJECTED MINIMUM REDUCTION
YEAR AVERAGE ANNUAL REQUIRED TO MEET
PHOSPHORUS LOADINGS ESTABLISHED CRITERIA
(pounds) (pounds)
Low High
Economic Economic
Growth Growth
1980 58,000 58,000 23,000
2000 71,000 79,000 36,000 to 44,000
2020 77,000 107,000 42,000 to 72,000

Over 50% of the phosphorus |oading in 1971 cane fromthe municipal treatnent
pl ant at Penticton even after 60% phosphorus renbval had been achi eved. Phosphorus
| oadi ng standards for Skaha Lake have been established at 30,000 to 40, 000 pounds
per year. These sonewhat high values take into account the very short retention
time of water in this |ake (one year) and t-he excellent source of good quality
water flow ng into Skaha from Ckanagan Lake. |If these limts are nmet a good
gquality water should be achieved for recreation and body contact sports.

The attai nment of an average of 80% phosphorus renoval at Penticton through-
out the year will reduce phosphorus | oading | evels within acceptable standards to
1980. Increased renoval of phosphorus nmay be necessary after 1980 as i ndicated
by an ongoing nonitoring program Treatnment and phosphorus renoval of Ckanagan
Fal |l s and other urban shoreline tine devel opnents on Skaha Lake woul d i nprove
| ocal recreational areas but are not critical in respect to the |ake as a whol e.

(v) Vaseux Lake

Vaseux is a productive |ake because of its shallow nature and rich bottom
sediments. Wiile criteria have been established for this |ake (Table 15.7 ) its
quality is al nost conpletely dependent on the quality of water from Skaha Lake
and Ckanagan River. The quality of Vaseux waters may be expected to inprove
somewhat with inprovenents in Skaha and Ckanagan R ver water, but the shoreline
areas will continue to exhibit heavy aquatic plant growth. This habitat is
considered suitable for this lake as it has been established as a wildlife
sanct uary,



(vi) Osoyoos Lake

Approxi mately 60% of the nutrient |oadings to Gsoyoos Lake come from out -
fl ows from Skaha Lake and nutrient additions to Okanagan Ri ver between Skaha and
Gsoyoos Lake including the village of Aiver, drainage waters from agricultura
| ands and septic tank sources. The remaining |oadings cone primarily from
groundwater return flows to the lake itself. The 1971 |oadi ng has been estim
ated at 37,500 pounds, which takes into account the 1972-73 effect of the tert-
iary treatnent unit at Penticton. Projected | oadings to Osoyoos Lake are shown
in Table 15.13.

TABLE 15.13
PRQJECTED PHOSPHORUS LQOADI NGS TO OSOYOOS LAKE

PROJECTED MINIMUM REDUCTION
YEAR AVERAGE ANNUAL REQUIRED TO MEET
PHOSPHORUS LOADINGS ESTABLISHED CRITERIA
(pounds) {pounds)
Low High
Economic Economic
Growth Growth
1980 51,700 51,700 20,000
2000 70,200 79,500 38,000 to 48,000
2020 78,200 115,800 47,000 to 84,000

Accept abl e phosphorus | oadi ngs to Gsoyoos Lake have been established at
26,000 to 37,000 pounds. These values allow for the very rapid water renewa
rate of less than one year which prevents the accunul ati on of |arge anmounts of
bi omass and nutrients. The nmaintenance of phosphorus | oadi ngs bel ow 31, 000
pounds per year should provide a reasonably good water quality for recreation
and body contact sports but sonewhat |ower than that of Skaha Lake and Ckanagan
Lakes.

The achi evenent of 80% phosphorus renoval at Penticton will inprove the
quality of inflow water to Gsoyoos Lake but this in itself will not be suffici-
ent to | ower phosphorus levels within acceptable limts. Phosphorus renoval at
the AQiver Treatnent Plant and at Osoyoos is also required, along with the
i ncl usi on of urban devel opnents adjacent to Gsoyoos Lake in the area serviced by
sanitary sewers and waste treatnent at Osoyoos, to ensure local quality
obj ectives are achieved.

(f) Benefits and Costs Associated with Inprovenents in Water Quality

The costs associated with water quality nmanagenent are related to investnent in

waste treatnment facilities which reduce the contribution of nutrients and other

wastes to the surface waters of the basin. The benefits of these nmeasures

i nvol ve the inprovenent or nmintenance of high water quality for consunptive and
non- consunpti ve uses. These in turn, may be translated into social and



econom ¢ val ues through an estimation of the opportunities for water-based
recreation that -would be foregone because of deteriorating water quality,
shoul d waste inflows not be reduced, and the additional costs of treating water
to make it suitable for consunptive uses.

In this report cost and benefit studies have been linted to nonconsunptive uses
inthe main valley |akes (recreation and aesthetics). The cost of limting
phosphorus | oadings to the main valley | akes through advanced waste treat nment
processes to control aquatic plant growh and al gal bloons are conpared with the
opportunities for water based recreation and aesthetic enjoynment that woul d be
foregone because of deteriorating water quality - increased aquatic plant growth
and al gal bloons, if phosphorus inputs are not reduced.

(i) Costs of Waste Treatnent

The cost of various types of waste treatnent and phosphorus renoval at
maj or centers in the valley are shown in Table 15.14 to the year 1985 assunming a
| ow economic growmh rate. The year 1985 was selected as the limt to which
treatment requirenents and cost estinmates could be projected and still provide
nmeani ngful results based on existing quality data. All costs have been reduced
to 1970 doll ar val ues based on the Engi neering News Record (E.N.R) cost index.

Because sanitary sewers and conventional treatment are prerequisites to ad-
vanced treatnent for phosphorus renoval, estinmates of the capital cost for sel-
ected installations are included for information purposes. These figures
however, should be considered only as order of magnitude costs. Detailed
surveys are required for each urban center to determ ne the nost appropriate and
econom cal form of conventional treatment for that particular center, and the
cost, based on local conditions such as topography and housing density, etc.

The type of conventional treatnent will in turn affect the cost of phosphorus
renoval facilities and a range of costs has therefore been shown for phosphorus
removal for some centers.

Based on the estimates shown in Table 15.14 the total capital costs for
waste treatnment facilities to 1985 for all the urban centers noted woul d be as
f ol lows:

Sanitary Sewers $12, 700, 000 58%
Secondary Treat nent $5, 500, 000 to 8, 700, 000 32% (Ave.)
Phosphor us Renoval $2, 000,000 to 2, 300, 000 10% ( Ave.)

The major cost itemin any waste treatnent progranms is for sanitary sewers
whi ch represents approximately 60% of the total capital involved. This is based
on an average cost of $500 per lot. Septic tanks, if constructed to neet 80%
phosphorus renoval requirenents could range in cost from $1,000 to $5, 000 per
horme or lot.



TABLE 15. 14

ESTI MVATED COSTS OF WASTE TREATMENT TO 1985 FOR MAJOR URBAN CENTERS I N THE OKANAGAN

EXISTING TREATMENT ESTIMATED CAPITAL COSTS{to 1985) ANNUAL COSTS-PHOSPHORUS REMOVAL
AVERAGE ANNUAL
POPULATION TOTAL ANNUAL COST PER HOUSEHOLD
1971 CURRENT 1985 AT MIDDLE TREATMENT OPTIONS WITH DESIGN TREATMENT [PHOSPHORUS 80% 90% TOTAL 80% 90%
AREA POPULATION TREATMENT POPULATION OF DESIGN CAPACITY ADEQUATE TO AT LEAST SANITARY |PLANT COSTS| REMOVAL PHOSPHORUS | PHOSPHORUS | POPULATION|PHOSPHORUS [PHOSPHORUS
TYPE PERIOD 1985 SEWERS | (Secondary) |[FACILITIES | REMOVAL REMOVAL SERVICED REMOVAL REMOVAL
(1971-1985) THOUSANDS OF DOLLARS $000's $000's $ $
” 32,500 Spray Irrigation (excluding land cost) 1,800 330 - 51,0 - 32,500 - 5.40 -
ernon
énfl:;uding 18,200 |[Trickling Filter 32,500 32,500 Activated Sludge Plant (ATl new) 2,100 1,800 440 110.0 134.0 32,500 11.60 14.10
oldstrean
32,500 Renovation of Existing Plant and 1,100 410 103 134 32,500 10.80 14.00
Construction of New Activated S1.
900 Batch Lagoon 90 3 - 2.5 900 - 9.25
Pkangaan 700 |Septic Tanks 1,000 135
300 Trunk Mains to Vernon Plant 230 25 10 13.5 900 39.80 51.00
2,180 Batch Lagoon 270 6 - 6.5 2,180 - 9.90
Armstrong 1,600 Aerated Lagoon 2,350 2,170 Activated Sludge 110 240 50 10 13.5 2,170 16.40 21.20
Not Econom-
Trunk Main to Vernon Plant ical until
1985
Kel & 19, :
SR Koon9 JActivated STudge | 63,000 | 35,200 [Activated Sludge 6,400 2,300 880 203 258 55,400 | 12.40 15.80
3,100 Batch Lagoon 220 6 - 11 3,100 - 12.10
Winfield 2,200 Septic Tanks 3,600 3,100 Activated Sludge 530 270 80 15 19 3,100 16.80 21.10
3,100 Trunk Main to Kelowna Plant 520 80 11 14.5 3,100 12.70 15.90
Westbank 1,600 Facultative Lagoon 3.500 2,700 Activated Sludge 220 280 70 15 18 2,700 18.30 22.20
Peachland 1,500 Septic Tanks 3,100 2,500 Activated Sludge 450 270 55 20 23.5 2,500 26.60 32.00
7,200 Activated Sludge 430 120 28 36 7,200 13.20 16.90
Summerland Septic Tanks 7,900 1,150
7,500 Trunk Main to Penticton Plant 1,600 130 38 41 7,500 17.30 18.60
. Activated Sludge X .
Penticton 19,000 & tertiary 27,000 3,600 Activated Sludge 1,200 230 320 84 99 28,400 10.05 11.85
600 Batch Lagoon 60 3 - 2 600 - 10.30
Naramata 460 Septic Tanks 700 100
600 Trunk Main to Penticton Plant 980 n 3 3.5 600 19.00 20.40
1,000 Batch Lagoon 100 3 - 3 1,000 - 9.40
Okgg??zn 620 jSeptic Tanks 1,200 180 |Not Econom- ’
Trunk Main to Penticton Plant ical to 198§
Oliver 1,600 [Package Act'd. S1. 1,800 Present Factilities - Sun-Rype removed | 30 K;:;:;g;e:o 70 9 14 1,700 18.20 27.60
1985
0soyoos 1,300 Facultative Lagoon 1,800 880 Spray Irrigation 75 30 120 16.9 1,600 35.00




The capital cost of phosphorus renoval facilities are relatively snall once
secondary treatnment facilities are available. The annual cost of phosphorus
renmoval including capital anortization, materials and operating costs ranges from
$5.00 to $35.00 per lot per year, depending primarily on the type of phosphorus
renoval sel ected and the size of plant or popul ation served.

(ii) Benefits Associated with Inprovenents in Water Quality

There are two maj or problens in assessing the econom c and social benefits
associated with maintaining or inproving water quality in the main valley |akes.
The first is that there are no readily avail abl e neasures of the val ue of water-
based recreation; the second is that the relationship between water quality deter-
ioration and recreation participation is not clearly understood.

Inthis Study, it has been assuned that fromthe viewpoi nt of the Ckanagan
the econom c val ue of water-based recreation contributing to the econom c growh

of the basin is related to tourist expenditures while in the valley. It is re-
cogni zed that these expenditures in reality represent the tourists' wllingness to
pay for services such as accommodation, food and travel. Due to the inportance of

wat er - based recreation as a notivation to come to the Ckanagan, however, the net

i ncome returned to the valley econony from such expenditures appears to be an
appropri ate base for estinating the mni numval ue of such activities. This value
was estimated at $4.50 per beach day. As tourists spend approxinately 60% of
their days in the Ckanagan visiting public or private beaches, potential economc
val ues of shoreline recreation can be obtained by multiplying future estimates of
net income derived fromtourist expenditures by 0.86.

In addition to this net incone neasurement, there is an unpaid surplus known
as a consuner surplus which is the net value of the recreational opportunities
over and above expenditures. Because recreationists' access to public beaches in
the kanagan is free of charge, they are not required to express any willingness
to pay for such opportunities. In this Study, attenpts were nmade to neasure this
consuner surplus by questioning a sanple of beach users directly on their
willingness to pay. Such values were estimated at $5.50 and $5.00 per beach day
for residents and visitors respectively.

The above established the total value of shoreline recreation in the Ckanagan.
The next step was to estimate the proportion of this total value that would be
| ost due to deteriorating water quality in the event that present waste treatnent
facilities are not inproved. |t was assuned that in the absence of any inprove-
ment in waste treatment facilities, economc and social inpacts would conpound
over the next 30 years, by which tinme waste treatnment neasures woul d probably have
to be introduced to naintain the economc and social viability of the region.
These assunptions are presented in Figure 15. 3.



ASSUMED RELATI ONSHI P BETWEEN WATER QUALI TY AND WATER- BASED RECREATI ON

FOR ESTABLI SHI NG BENEFI TS FOR WASTE TREATMENT ALTERNATI VES

IMPACTS ON WATER-BASED

YEAR LAKE WATER QUALITY CONDITIONS RECREATION DEMANDS

1980 | Wood Lake Arinual algae blooms, extensive weed}Additional costs involved in hary-
growth around shorelines. esting weeds. Annual decline- of

10% in tourism to 1975 rising to
25% by 1980

2000 | Wood Lake Annual algae blooms and extensive Continued decline in tourism est-

weed growth around shorelines. imated at 50% per annum after
1985

1980 | Kalamlka Lake | Localized weed growth at Cold- Additional costs of weed harvest-
stream Creek spreading towards ing. Little impact on recreation
Kalamalka Beach due to availability of clean water

at Cozen's Bay and at Kalamalka
Beach

2000 | Kalamalka Lake] Increased weed growth at north end |Increased costs of weed harvesting.
of lake. Uncertainty about occurr-|Estimated 10% decliine in recreat-
ence of algae blooms due to the un-|ion after 1980 rising to 50% after
usual phosphorus ppt. cycle in lake|1990 due to adverse publicity from
discharge of Wood Lake water will Wood Lake experience. '
affect resorts at south end of lake

1980 | Okanagan Lake | Continued weed growth in Vernon Arm|Additional costs of weed harvesting
and around Kelowna shoreline. At least 10% of Vernon area recreat-
Infrequent algae blooms in both ion would be reduced each year to
locations. Weed growth at other 1980; reduction of 10% in Kelowna
local areas such as Westbank out- area after 1975 rising to 20% after
fall and around Summerland.

2000 | Okanagan Lake | Continued weed growth and frequent [50% loss of recreation opportunity
algae blooms in Vernon Arm and ar- |in Vernon Arm after 1985. Estimated
ound Kelowna area. Weed growth 50% reduction in Kelowna tourism by
will continue’ to extend around 1990 - similar reduction in resident
Summerliand and Westbank beach-days; 10% reduction in rec-

reation demand in south basin

1980 | Skaha Lake Occasional algae blooms in Tlate Little reduction in recreation de-
summer, weed growth increase in mand forecast provided Penticton
south basin attains 80% removal of phosphorus

2000 Frequent algae blooms and extend- A 10% reduction in annual recreat-
ing weed growth. ion demands after 1980 rising to

30% in 1985 and 50% by 1990.

1980 | Osoyoos Lake Occasional algae biooms, increase A 10% reduction in recreation de-
in weed growth mand after 1975

2000 | Osoyoos Lake Frequent algae blooms and increas- |A 20% reduction in annual recreat-

ed weed growth

ion demands after 1980 rising to
30% in 1985 and 50% in 1990.

Figure 15.3




The annual reductions in beach-day participation indicated in Figure 15.3
was assessed in the economic and social val ues associated with such recreation
opportunities. |t appears possible that the value of a beach day may increase
faster than general living costs in future, especially as people have nore
leisure tine available. Lacking any enmpirical data on this however, it was
assuned that the real values would remain constant.

Present worth of total benefits associated with maintaining a high water
quality for recreation and aesthetics in the main valley |akes to the year
1985, as determined fromthe assuned rel ati onship between water quality and
wat er - based recreation are:

Esti mat ed Econom c benefits - $4, 100, 000
Esti mat ed Soci al benefits - 9,200,000
(iii) Annual Benefits and Costs

The estimated benefits and costs for inproving or maintaining a high water
quality in each of the main valley | akes are shown in Table 15.15. The costs
shown are for phosphorus renoval only, which will control aquatic plant and
algal growth in the lakes to levels that permt maxi nrumrecreational and
aesthetic benefits to be derived.

TABLE 15. 15
ANNUAL GOSTS OF PHOSPHORUS REMOVAL AND BENEFI TS TO WATER BASED RECREATI ON TO 1985

LAKE ANNUAL PHOSPHQRUS REMQVAL COSTS ANNUAL BENEFITS

RANGE DEPENDING ON TYPE OF TREATMENT ECONOMIC SOCIAL
Wood $10,000 to 20,000 $ 36,000{ $§ 69,000
Kalamalka 5,000 to 13,000 12,000 60,000
Okanagan¥* 305,000 to 385,000 136,000 710,000
Skaha 84,000 to 99,000 48,000 135,000
Osoyoos 25,000 to 30,000 33,000 95,000
TOTALS $429,000 to 547,000 $265,0001$1,069,000

-* Includes Phosphorus Removal at centers of Vernon, Kelowna
and Okanagan Center only. Additional cost of including Arm-
strong, Westbank, Peachland, Summerland and Naramata would be
approximately $75,000 annually.

The rati o of annual benefits (social and economic) to costs is
approximately 3:1. The total econom c benefits derived fromwater based
recreation only, are not sufficient by thenselves to justify the cost of
phosphorus renoval. However, these do not consider the econonic benefits (or
costs) of treating water for consunptive use due to a decline in water quality
i nduced by heavy aquatic plant and algal growh. The major cost for
phosphorus renoval is for the City of Kel owna where over 30% of the Valley
popul ation is centered and which accounts for approximately 50% of the tota
annual cost of phosphorus renoval .



(g) Waste Treatnent Managenent

Wil e any of individual treatnent schemes outlined in Table 15.14 coul d acconplish
the desired results in the control of biological production in the main valley

| akes, there are nany probl ens associated with such ventures. Waste treatnent
itself is not a sinple process, and just providing the required works will not
necessarily ensure good conventional treatnent, or the renoval of the required
amounts of phosphorus. Snaller treatnent plants in particular may have probl ens
attaining the desired efficiencies. D fferent nanagenent phil osophies of |oca
governments nay al so affect the degree of treatnent obtained and the costs invol ved
for such treatnent, and there will be nmany residents who may benefit from treatnent
but not be required to pay because of |ocation. Local governnents nmay al so be nore
concerned about the |ocal effect of phosphorus renoval rather than the effect on a
| ake as a whole. Spray irrigation of secondary effluent nay be nore feasible in
sone centers than in others. This formof advanced treatnent may, however, be nore
expensi ve than chem cal precipitation because of land costs and in the case
residents nmay be required to pay nore than in areas using chemcal precipitation

The above probl ens coul d be resol ved by placing the control for waste treatnment in
the basin under one Regional authority, and enphasi zing the use of regiona
treatment facilities where these are practical. A regional waste treatnent auth-
ority would be better equipped to arrange suitable financing, and to stage the
devel opment of regional treatment systens to allow for economic growth, and to neet
the criteria for acceptable water quality in the basin as a whole. Regulatory
powers shoul d al so include nonitoring of phosphorus |oadings to the nain valley

| akes and the quality of the | akes thenselves, to ensure the desired results are
bei ng realized, even though such nonitoring may be carried out by others.

Regional treatnent facilities refer to large central plants that could service a
nunber of communities in the same area, as opposed to individual treatnent plants in
each urban center. Large treatnent plants allow i nproved operational techni ques and
general |y higher treatment efficiencies, and could be adapted to include industria
wast es, nmany of which are not now treated.

15.4.3 D scussion of Results

Based on the various alternatives exam ned, the renoval of phosphorus through
advanced waste treatnent processes is considered the nost practical for the contro
of aquatic plant and algal growth in the main valley lakes to levels that will allow
maxi mum recreati onal and aesthetic benefits to be derived. Location of outfal
di scharges, and green belts, should al so be considered in conbination with
phosphorus removal in the Iong term managenent of water quality in these |akes.

Fl ushing through increased flows will not inprove the quality of any of the nain
val l ey | akes, although for Wod Lake it could reduce the tine required



to inprove its quality. based on other nutrient control neasures. The effect of
these increase flows through Wod Lake on Kal amal ka Lake, due to resulting
nutrient carry-over, cannot be stated at this tinme. Careful nonitoring should
therefore be carried out on this aspect to ensure such practices do not endanger
the quality of Kal anal ka Lake water. The alternative of waste export fromthe
basin is not considered viable.

The renoval of 80% of the phosphorus | oading by chem cal treatnent or spray
irrigation fromthe rnunicipal effluents of Vernon and Kel owna woul d reduce the
total known | oadi ngs to kanagan Lake as a whole to within the established safe
loading criteria to the year 1985 for both | ow and hi gh econom c growth pro-
jections, but reductions in other sources nay be required beyond this date.

The renoval of 80% of the phosphorus fromthe Penticton Sewage Treat nment
Plant effluent is sufficient to neet safe loading criteria for Skaha Lake to 1980,
but increased renoval nmay be required before the year 2000 for either |ow or high
growt h projections.

The benefits fromreduced i nput of phosphorus to Ckanagan River fromthe Gty
of Penticton will not be sufficient to bring the |oadings to Gsoyoos Lake within
the acceptable criteria for this |lake, even if 80%renoval at Penticton is
attained by 1980. Qher sources that nust be reduced to achi eve the | oading
limts set include the Gty of AQiver Treatment Plant, and septic tank
installations at Gsoyoos and adj acent to Ckanagan River.

The upgradi ng of septic tank units or comunal sewage collection and treat-
nment systens for urban devel opnents adjacent to Wod and Kal amal ka Lakes woul d
reduce the phosphorus | oadings to these two | akes within acceptable criteria.

Because the estinated phosphorus | oadi ngs to each of the nain valley |akes
are already close to, or exceed acceptable loading criteria, and because of the

tine still required to plan, inplenent, and construct or expand waste treatnment
facilities to reduce these loadings (3 to 5 years), any reconmendations on tim ng
for various works becones sonewhat arbitrary. It is considered necessary that

nost of the treatnent works proposed for treating existing waste |oadings be in
operation not |ater than 1980. The expansi on of these facilities along with
sewage col |l ection systens, to neet expandi ng popul ati ons shoul d obvi ously be
staged to neet expansion growh rates. The inclusion of smaller urban areas in
any regional treatnment schenes nmight al so be staged, but this could invol ve sone
degree of risk that continued | oadi ngs fromthese sources mght seriously degrade
| ake water quality, particularly in local shoreline areas.

The estimated social and econom c benefits inherent in attaining acceptable
quality levels in the main valley |akes to the year 1985, outweigh the costs of
phosphorus renoval by a factor of approximately 3:1. Equitable distribution of
phosphorus renoval costs anmong the beneficiaries, and assurance that the treatnment



| evel s required are net, appear to be the mmjor problens in any wastewater
management program One basin-w de authority is therefore considered
essential if the planning objective of providing | ake water quality
consistent with a high quality environnent for recreation and aesthetic
purposes is to be net.

Whil e these benefits are based nore on indirect rather than on direct
econom ¢ benefits, the projections for the future indicate that waste
treatment costs may represent a very small sum conpared to the benefits
gained. Also the present condition of the |akes is such that any delay in
initiating at least mnimal prograns to nmeet the criteria for acceptable
water quality might result in a further decline in quality, which in the
case of (kanagan Lake may not be recoverable to acceptabl e standards
within our lifetine.

The uncertainty involved in the accuracy of nutrient |oading data, and
loading criteria established for the main valley | akes requires that an
on-goi ng water quality nonitoring programbe inplemented to ensure that
the desired effects of any waste treatnment program are being realized, and
to nodify the criteria or program as necessary based on the nonitored
results. In this respect the m ni mum phosphorus renoval requirenents
outlined in this report may be considered as an interim programfor
quality control, as conpared to a continuation of existing waste
management policies, or the desired objective of the public task forces of
elimnating all positive discharges to the | akes.

The above di scussion has outlined the problens in neeting standards
for the main valley | akes as a whole. Snall |ocal sources including those
fromindustry, septic tanks, agriculture and other sources may al so
adversely affect |ocal beaches and shoreline areas without affecting a
| ake as a whole. The econonics of preventing aquatic plant growh in al
areas of the | akes would certainly be questionable and in sone areas
(Vaseux Lake and the North Arm of Okanagan Lake) some aquatic plant growh
is considered beneficial to wildlife. The preservation of public beaches
and recreational areas should not be questionable however, and the control
of local sources of pollution to these areas should be an inportant re-
qui rement of any waste managenent program Again, a regional authority
woul d appear best suited to carry out and nanage the programin the nost
equi tabl e manner and to the greatest benefit of all concerned.



